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Dynamic and Thermal Effects 


The parameter G c may be defined as a measure of the force driving the crack. Once 
this quantity is established it should be possible to obtain a preliminary estimate 
of the critical crack size. 


Design Problem 14.5 

Calculate the approximate critical length of the crack in a glass panel subjected to tension 
on the premise that the modulus of elasticity is E = 10 X 10 6 psi, ultimate strength is 
40,000 psi, and the strain energy release rate amounts to G c = 0.08 (in.-lb/in. 2 ). 

Solution 

The equivalent fracture toughness from Eq. (14.2c) is 

K 1C = (10 X 10 6 X 0.08) 1/2 = 894 psi(in.) 1/2 
Next, using Eq. (14.2b) yields 

a = = 0.00016 in. (0.0041 mm) 

7r(<7) 2 7T X 40,000 2 V ’ 

This calculation shows that the critical crack dimension in glass can be extremely small. 
The result is consistent with the expected behavior of a highly brittle material where even 
best nondestructive techniques cannot pinpoint a minute discontinuity. ♦ 


IMPLICATIONS OF FRACTURE TOUGHNESS 

The plane strain fracture toughness parameter ( K lC ) has received rather wide 
attention because of its role in fracture mechanics and fracture-safe design. As 
a distinct mechanical property, K 1C depends on the temperature and the rate of 
strain. Experience also shows that in the case of higher-strength materials, which 
tend to be relatively brittle, the determination of K 1C does not present any special 
problems. However, when using a medium or a lower material strength combined 
with high toughness, the testing procedure becomes more complex and requires a 
higher loading capacity for the test equipment. In some situations, such as that 
involving the Navy-quality material known as HY80, the required high specimen 
thickness for the test becomes almost impractical. The reason for this is that to 
assure a valid K lC number in a tough material, the test specimen must satisfy the 
plane strain conditions as noted previously in the section dealing with practical 
aspects of mechanics. 

For a long time now the status of characterization of fracture properties, partic¬ 
ularly in relation to intermediate- and lower-strength steels, has been in a relatively 
poor condition. This is not surprising, however, when one considers the short devel¬ 
opment time of fracture mechanics criteria and the complexity of the problem. The 
basic difficulty is that we are always inclined to look for a sweeping generalization 
using a limited number of standard tests. A good example of this is the history 



